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Introduction
In a recent paper [1] , we have discussed about the physical meaning of the four parameters of the Lewis metric for the Weyl class. In this work we endeavour to extend such discussion to the Lewis class. Such an effort will be justified, in part, by the deep differences, exhibited below, between the two classes.
Matching the Lewis class to a cylindrical fluid, a relationship linking the vorticity of the source with three of the real constants entering into the definition of the four complex parameters of the Lewis class is found.
Furthermore it will be shown that the vanishing of the vorticity implies the vanishing of the parameter responsible for the non-staticity of the metric.
From the study of the Cartan scalars it will be shown that, in contrast with the Weyl class, the Lewis class is locally distinguishable from the LeviCivita metric. Also it will be shown the Lewis class does not include locally flat spacetime as special class. Therefore topological strings (in locally flat spacetime) cannot be associated with this metric, hindering thereby the topological interpretation of some of the parameters, in contrast with the Weyl class [1] .
The three classes of van Stockum metric [2, 3] provide an excellent example for our discussion. We shall propose a lower limit for the linear mass density, representing the frontier between the Lewis class and the Weyl class for the van Stockum metric.
Spacetime
The spacetime is divided into two regions: the interior, with 0 ≤ r ≤ R, to a cylindrical Σ surface of radius R centered along z; and the exterior, with R ≤ r < ∞. Both regions are described by the general cylindrically symmetric stationary metric
where f , k, µ and l are functions only of r, and the ranges of the coordinates t, z and ϕ are
with the hypersurfaces ϕ = 0 and ϕ = 2π being identified. The coordinates are numbered
Einstein's field equations
will be imposed to the metric (2.1). The components of the Ricci tensor R µν for (2.1) are given in the reference [1] . The exterior spacetime is constituted of vacuum, hence Einstein's equations (2.4) reduce to
The general solution of (2.5) for (2.1) is the stationary Lewis metric [4] , which can be written as [5] 
8)
with
The constants n, a, b and c can be either real or complex, the corresponding solutions belong to the Weyl class or Lewis class, respectively. The Weyl class was studied in [1] . Here we restrict our study to the Lewis class. In this case, these constants are given by
14)
where m, a 1 , b 1 , a 2 and b 2 are real constants and satisfy
The equations (2.11)-(2.15) reveal us that if it is known the value of the parameters n and a, or n and b, we can obtain the parameter c. However knowing n and c we cannot obtain a and b. The metric coeficients (2.6)-(2.9) with (2.11)-(2.14) become [4] f = r a 
18)
In fact, this metric is a subclass of the Kasner type metrics, as pointed out in [6] .
Vorticity
Using the transformation 
This is a particular case of the static Levi-Civita metric with the energy density per unit length σ, given by (5.26), equals 1 4 . Nevertheless the transformation (3.1) is not global, since the new coordinateφ ranges from −∞ to ∞ instead of ranging from 0 to 2π [1, 7] .
Considering the interior spacetime of the cylinder, 0 ≤ r ≤ R, filled with anisotropic fluid, then we can integrate one of the Einstein's equations (2.4) and obtain
where ξ is a constant. ξ measures the vorticity of the source, since a straightforward calculation [1] shows that the magnitude of the vorticity tensor is
. Considering f and k given by (2.16) and (2.17), we have
Hence in order to have the vorticity equals to zero, i.e. ξ = 0, we need m = 0 since a 
The Cartan scalars
It is known [8] that the so called 14 algebraic invariants (and even all the polinomial invariants of any order) are not sufficient for locally characterizing a spacetime, in the sense that two metrics may have the same set of invariants and be not equivalent. As an example, all these invariants vanish for both Minkowski and plane-wave [9, 8] 
(m 2 −3) ,
(m 2 −3) . 
The van Stockum's metric classification
In 1937 van Stockum [2] solved the problem of a rigidly rotating infinite cylinder filled with dust and matched it to the vacuum Lewis solution. The solution depends on the parameter wR, related to the mass per unit length of the dust cylinder (note that in [2, 3] , the letter a is used instead of w), and is given by, for wR < 1 2
(case I),
3)
occurs, it is quite simple to obtain this limit in the original form [3] .
and for wR > 
The constants α, β, N and λ are given by, for case I,
and for case III, is defined by van Stockum [2] by a limiting process of case I. We add that it is also a limit of case III. Nevertheless, it should be stressed that the direct subtitution of wR = 
In order to understand better the Lewis class metric let us consider shortly the Weyl class metric. In [1] it is shown that the Newtonian mass per unit length is given by
with n being a real constant. So, from (5.17) and (5.26), we have
for case I. For w 2 R 2 ≪ 1, this expression reduces to
This is the same value obtained by Bonnor [3] in this aproximation. Using this result, he establishes a lower limit for the linear mass density in case
), obtaining 1 8 . We believe that a better lower limit would be given directly by (5.27), which is σ = Returning to the Lewis class metric, it is important to note that the Cartan scalars do not admit Minkowski spacetime. This is in accordance with the existence of a lower limit for σ in the van Stockum solution III, since with this lower limit the source cannot be made vaccum and therefore the exterior solution cannot be Minkowski.
The Cartan scalars impose a superior limit to the parameter m, given by
since for m larger than this value, the singularity is at r = ∞, not in r = 0.
When we substitute this value in (5.21), considering the equality, we have that wR = 1, which agrees with Bonnor's result [3] .
Conclusion
It is known that the Lewis metric comprises two differents families called Lewis metric n, a, b, c
Weyl class Lewis class real n imaginary n ) P P P P P P P P q 
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